Evidence suggests that capillary degeneration in early diabetic retinopathy results from chronic inflammation, and leukotrienes have been implicated in this process. The authors investigated the cellular sources of leukotriene biosynthesis in diabetic retinas and the effects of hyperglycemia on leukotriene production. METHODS. Retinas and bone marrow cells were collected from diabetic and nondiabetic mice. Mouse retinal glial cells and retinal endothelial cells (mRECs) were cultured under nondiabetic and diabetic conditions. Production of leukotriene metabolites was assessed by mass spectrometry, and Western blot analysis was used to quantitate the expression of enzymes and receptors involved in leukotriene synthesis and signaling. RESULTS. Bone marrow cells from nondiabetic mice expressed 5-lipoxygenase, the enzyme required for the initiation of leukotriene synthesis, and produced leukotriene B 4 (LTB 4 ) when stimulated with the calcium ionophore A23187. Notably, LTB 4 synthesis was increased threefold over normal (P Ͻ 0.03) in bone marrow cells from diabetic mice. In contrast, retinas from nondiabetic or diabetic mice produced neither leukotrienes nor 5-lipoxygenase mRNA. Despite an inability to initiate leukotriene biosynthesis, the addition of exogenous leukotriene A 4 (LTA 4 ; the precursor of LTB 4 ) to retinas resulted in robust production of LTB 4 . Similarly, retinal glial cells synthesized LTB 4 from LTA 4 , whereas mRECs produced both LTB 4 and the cysteinyl leukotrienes. Culturing the retinal cells in high-glucose concentrations enhanced leukotriene synthesis and selectively increased expression of the LTB 4 receptor BLT1. Antagonism of the BLT1 receptor inhibited LTB 4 -induced mREC cell death. CONCLUSIONS. Transcellular delivery of LTA 4 from marrow-derived cells to retinal cells results in the generation of LTB 4 and the death of endothelial cells and, thus, might contribute to chronic inflammation and retinopathy in diabetes. (Invest Ophthalmol Vis Sci.
arly inflammatory changes in diabetic retinopathy include leukocyte adherence to the microvasculature (i.e., leukostasis), alterations in vascular permeability, and enhanced expression of proinflammatory molecules such as NF-B, COX-2, iNOS, and ICAM1. [1] [2] [3] [4] [5] [6] It is hypothesized that this inflammatory state leads to damage to the retinal microvasculature, including degeneration of the capillaries with loss of the surrounding pericytes, hallmark findings in nonproliferative diabetic retinopathy. [7] [8] [9] Recently, we implicated the leukotrienes, 5-lipoxygenase metabolites of arachidonic acid, as mediators of inflammation in diabetic retinopathy. 10 In comparison to diabetic control mice, retinas from diabetic mice deficient in 5-lipoxygenase developed less capillary degeneration and loss of pericytes and less leukostasis, superoxide production, and activation of NF-B. 10 Synthesis of leukotrienes requires the sequential action of several enzymes 11 ( Fig. 1 ). Arachidonic acid is released by the calcium-dependent activation of cytosolic phospholipase A 2 ␣ (cPLA 2 ␣). Arachidonic acid is then metabolized to 5-hydroperoxyeicosatetraenoic acid (5-HpETE) and, subsequently, to LTA 4 by 5-lipoxygenase and its associated 5-lipoxygenase activating protein. The detection of LTA 4 is complicated by its extremely short half-life (Ͻ3 seconds). 12 Production of LTA 4 is the first committed step in leukotriene biosynthesis. LTA 4 is rapidly metabolized to LTB 4 by LTA 4 hydrolase or, alternatively, to LTC 4 by LTC 4 synthase, which requires conjugation with glutathione. LTC 4 can be further metabolized to LTD 4 and LTE 4 ; collectively, these metabolites constitute the cysteinyl leukotrienes. Nonenzymatic hydrolysis of LTA 4 can also occur with the formation of isomers of ⌬ 6 -trans-LTB 4 and 5,6-diHETE. LTB 4 is a known leukocyte attractant and binds to BLT1 and BLT2 receptors. Signaling through BLT1 has been linked to ROS generation, cytokine activation, and apoptosis. [13] [14] [15] Activation of the cysteinyl leukotriene receptors CysLT1, CysLT2, and CysLT E mediates changes in vascular permeability and modulates inflammation. 16 -20 Leukotriene synthesis is increased in many inflammatory disease states, including asthma, colitis, arthritis, and CNS injury. 16, [21] [22] [23] [24] [25] [26] Although cells of the myeloid lineage are well-recognized sources of leukotriene production, an alternative synthetic pathway for leukotrienes involves transcellular metabolism. 27, 28 In this two-cell process of leukotriene synthesis, the donor cell (believed to be a bone marrow-derived cell, such as the neutrophil or the macrophage) generates LTA 4 , which then passes transcellularly to the recipient cell, where it is further metabolized to downstream leukotrienes, depending on the enzymatic repertoire of the recipient cell. In a model of neuronal ischemia in the brain, glial cells demonstrated the enzymatic capability to produce leukotrienes by transcellular biosynthesis. 29 It is hypothesized that the local recipient cell generation of leukotrienes may cause focal areas of prolonged inflammation and tissue injury. 27, 28, 30 We investigated the effects of chronic exposure to elevated glucose concentrations on the generation of leukotrienes by mouse bone marrow cells, retinal glial cells, and retinal microvascular endothelial cells as potential mediators of chronic inflammation and endothelial cell injury in the diabetic retina.
METHODS

Materials
Bovine serum albumin, calcium chloride, calcium ionophore A23187, endothelial cell growth supplement, and magnesium chloride were purchased from Sigma-Aldrich (St. Louis, MO 4 and LTA 4 methyl ester were purchased from Cayman Chemical (Ann Arbor, MI). Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum, and trypsin EDTA were purchased from Gibco-BRL (Gaithersburg, MD). Salts and solvents were purchased from Fisher Scientific (Pittsburgh, PA). Rabbit polyclonal ␤-tubulin, goat polyclonal BLT2 antibodies, and Western blotting luminol reagent were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit polyclonal BLT1 antibody was purchased from Imgenex Corporation (San Diego, CA). Chicken polyclonal GFAP antibody was supplied by Affinity Bio Reagents (Rockford, IL). Alexa Fluor 488 labeledgoat anti-rabbit secondary antibody was obtained from Molecular Probes (Eugene OR). Goat anti-chicken secondary antibody (Dylight 649) was purchased from Jackson ImmunoResearch Laboratories (West Grove, PA). DC protein assay kit, glycohemoglobin kit, and pure nitrocellulose membrane (0.45 M) were obtained from Bio-Rad Laboratories (Hercules, CA). Scientific imaging film was purchased from Eastman Kodak Company (Rochester, NY). RBC lysis buffer was purchased from eBioscience (San Diego, CA). Goat serum and mounting medium (Vectashield) were obtained from Vector Laboratories (Burlingame, CA).
Animals
Wild-type C57BL/6 mice were purchased from Jackson Laboratories. When the mice were 20 to 25 g body weight (approximately 2 months of age), they were randomly assigned to become diabetic or remain as nondiabetic. All animal experiments were conducted in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. Diabetes was induced by five sequential daily, intraperitoneal injections of a freshly prepared solution of streptozotocin in citrate buffer (pH 4.5) at 45 mg/kg body weight. By 2 weeks after injection, mice with random blood glucose levels higher than 250 mg/dL were maintained in the diabetic group. Insulin was given as needed to achieve slow weight gain without preventing hyperglycemia and glucosuria (typically 0 -0.2 U NPH insulin subcutaneously, 0 -3ϫ/ wk). The animals remained insulin-deficient but not grossly catabolic. The animals had free access to both food and water and were maintained under a 14 hours on/10 hours off light cycle. Food consumption and body weight were measured weekly. Glycated hemoglobin was measured to estimate the average level of hyperglycemia. Glycohemoglobin levels for diabetic animals were 12.8% Ϯ 1.4% and 3.1% Ϯ 0.2% for nondiabetic animals. Retinas were harvested at 3 months of diabetes duration.
Isolation of Mouse Bone Marrow
Mouse bone marrow cells were harvested from the femurs and tibiae of nondiabetic mice and diabetic mice at 3 months of diabetes duration. Briefly, the muscle tissue was dissected away. The tibia or femur was placed in a 0.5 mL Eppendorf tube with an 18-gauge hole at the bottom and a collection tube below. The bone marrow was collected by centrifugation at 1000 rpm for 30 seconds. 30 Cells were suspended uniformly in HBSS by repeated gentle pipetting and were counted using a hemocytometer. Cell viability, as measured by trypan blue exclusion, was found to be greater than 99%.
Isolation of Circulating White Blood Cells
Mouse whole blood (500 L) was collected by cardiac puncture into a vacutainer tube containing 3.6 mg K 2 EDTA. Whole blood was mixed with 4 mL of 1ϫ RBC lysis buffer and gently rocked for 5 minutes. The sample was centrifuged at 300g for 7 minutes to obtain a WBC pellet. RBC lysis was repeated as needed if any RBC remained in the pellet. After careful removal of the supernatant, the WBC pellet was washed with PBS and used for analysis of leukotriene production, as described.
Cell Culture
Retinal glial cells and mRECs were isolated and prepared as previously described. 31, 32 The purity of the cultures was assessed by flow cytometry. Retinal glial cells were shown to be 100% positive for glial fibrillary acidic protein, and PECAM-1 was not detected, excluding the presence of endothelial cells. mREC cultures were shown to be 100% PECAM-1 positive, and GFAP was not detected. Retinal glial cells or mRECs were grown in control medium (DMEM containing 10% serum and 5.5 mM glucose) or high-glucose medium (DMEM containing 10% serum and 25 mM glucose). Mannitol was used as an osmotic control for high glucose. In these experiments, medium contained 5 mM glucose and 20 mM mannitol instead of 25 mM glucose. Cells were cultured at 37°C in 5% CO 2, and media were changed every other day for 5 days, at which time cells were confluent.
Western Blot Analysis
Mouse retinas or cultured retinal cells were sonicated in RIPA buffer (25 mM Tris, pH 7.4, 1 mM EDTA, 150 mM NaCl, 1% NP-40, 0.1% SDS, 0.5% deoxycholic acid, 1 mM phenylmethylsulfonyl fluoride, 1 g/mL leupeptin, and 1 g/mL aprotinin). Cultured retinal glial cells and mRECs were homogenized in buffer containing protease inhibitors (leupeptin, 1 g/mL; aprotinin, 1 g/mL; 1 mM, PMSF; 0.2 mM, Na 3 VO 4 ). Protein content of retinal and cultured cell samples was quantified (Bio-Rad, Hercules, CA). Equivalent amounts of sample proteins were loaded, separated by SDS-PAGE, and transferred to nitrocellulose membranes. After overnight blocking in 5% nonfat dry milk, the blots were probed with primary antibodies for leukotriene B 4 receptors (BLT1 and BLT2) and the species-specific secondary antibody. After extensive washing, protein bands were visualized by enhanced chemiluminescence and evaluated by densitometry. Membranes then were stripped and reprobed with antibody against tubulin to confirm equal protein loading. Densitometric analysis was performed using the public domain NIH image program developed at the National Institutes of Health with the Scion Image 1.63 program.
Reverse-Transcription PCR
Total RNA in cells grown in 100-mm Petri dishes was isolated using (RNeasy kit; Qiagen, Valencia, CA). For first-strand cDNA synthesis, 2 g RNA was incubated for 50 minutes at 37°C in diethyl pyrocarbonate PCR cycles were carried out at 95°C for 5 minutes, 94°C for 15 seconds, 57°C for 1 minute, and 72°C for 1 minute, and a final extension 72°C was performed for 10 minutes. Reaction products were separated on a 1% agarose gel, and bands were visualized using ethidium bromide (0.1%). The gel was scanned with an imaging system (Versa Doc, model 3000; Bio-Rad Laboratories).
Stimulation of Cells with Calcium Ionophore
Cells were treated with the calcium ionophore A23187 to mobilize calcium for activation of cPLA 2 ␣, which cleaves arachidonic acid from membrane phospholipids and makes it available for leukotriene synthesis. After removing the growth media from retinal glial cells or mRECs, HBSS (1 mL) with CaCl 2 (2 mM) and MgCl 2 (0.5 mM) was added to the cultures. Cells were treated with calcium ionophore A23187 dissolved in DMSO (0.5 M final concentration in buffer) for 10 minutes. The media were collected, and the reaction was terminated by the addition of 1 mL ice-cold methanol containing labeled internal standards ( 
Addition of Exogenous LTA 4
LTA 4 was obtained from the hydrolysis of LTA 4 methyl ester, as previously described. 33 After growth media were removed, the cells were incubated in 1 mL HBSS containing 0.1% bovine serum albumin and varied concentrations of LTA 4 for 15 minutes at 37°C. For eicosanoid measurements, reactions were terminated by the addition of 1 mL ice-cold methanol containing labeled internal standards, and samples extracted after the protocol described. For leukotriene measurements from mouse retinas, whole retinas were isolated and immediately placed in 1 mL HBSS containing 1% bovine serum albumin. Varied concentrations of LTA 4 were added for 15 minutes at 37°C, and the reaction was terminated by the addition of 1 mL ice-cold methanol. The retinas were homogenized before final extraction and analysis for leukotrienes.
Metabolite Separation and Analysis by Reverse-Phase HPLC and Electrospray Ionization Mass Spectrometry
An aliquot of each sample (25 L) was injected into an HPLC system, and separation of the different metabolites was conducted using a C18 column (Gemini 150 ϫ 2 mm, 5 M; Phenomenex) eluted at a flow rate of 200 L/min with a linear gradient from 45% to 98% of mobile phase B. Solvent B was increased from 45% to 75% in 12 minutes, increased to 98% in 2 minutes, and held at 98% for a further 11 minutes before re-equilibration at 45%. The HPLC system was directly interfaced into the electrospray source of a triple quadrupole mass spectrometer (Sciex API 3000; PE Sciex, Thornhill, ON, Canada) with which mass spectrometric analyses were performed in a negative ion mode using multiple reaction monitoring of the specific m/z transitions: 3353195 for LTB 4 and ⌬ 6 -trans-LTB 4 isomers, 3353115 for 5,6-diHETE isomers, 6243272 for LTC 4 , 4953177 for LTD 4 2 . Quantitation was performed using a standard isotope dilution curve, as previously described. 34 
Immunofluorescence Staining of Retinal Sections
Paraffin-embedded sections of mouse retina (10 m) were dried at 58°C overnight and deparaffinized by three washes with xylene. The sections were sequentially washed in 100%, 95%, 80%, and 70% alcohol before immersion in tap water for hydration. Tissue sections were then subjected to an antigen-retrieving protocol by which slides were treated with sodium citrate buffer (10 mM sodium citrate, 0.05% Tween 20, pH 6.0) and were microwaved for 15 minutes (three times, 5 minutes each). Tissue endogenous peroxides were quenched using 3.0% hydrogen peroxide for 10 minutes, and nonspecific binding sites were blocked using 1.5% normal goat serum for 60 minutes. Tissue sections were then incubated overnight with rabbit polyclonal antibody (1:100) for BLT1 and chicken polyclonal antibody (1:1000) for GFAP in PBS. Unbound primary antibodies were washed away using PBS containing 0.05% Tween 20 before incubation for 60 minutes with Alexa Fluor 488 labeled-goat anti-rabbit secondary antibody for the detection of BLT1 and labeled goat anti-chicken secondary antibody (Dylight 649; Jackson ImmunoResearch Laboratories) for the detection of GFAP. The sections were washed with PBS containing 0.05% Tween 20 and were mounted with mounting medium (Vectashield; Vector Laboratories) for fluorescence microscopy. Images were taken with a Nikon microscope and software (Eclipse 80i and NIS-Elements AR-3.0; Tokyo, Japan).
Cell Death Assay
Cells were cultured for 5 days in either 5 or 25 mM glucose and in the presence or absence of LTB 4 (100 nM dissolved in ethanol). To some experimental dishes, the BLT1 antagonist U75302 (5 M dissolved in DMSO) was added to the medium for the entire 5 days in culture. Control dishes received sham injections of DMSO and ethanol. Medium was exchanged every day with a fresh addition of LTB 4 and U75302 to maintain the desired experimental conditions and to keep the final combined concentration of ethanol and DMSO Ͻ0.1%, vol/vol. Cell viability was measured by trypan blue exclusion assay. Briefly, an aliquot of cell suspension was diluted 1:1 (vol/vol) with 0.1% trypan blue, and the cells were counted with a hemocytometer. Cell death was defined as the percentage of blue-stained cells or dead cells versus the total number of cells. Approximately 200 to 400 cells were counted in each sample in duplicate.
Statistical Analysis
Data are expressed as mean Ϯ SD. Because of the modest group sizes, the data were analyzed by the nonparametric Kruskal-Wallis test followed by the Mann-Whitney U test. P Ͻ 0.05 was considered statistically significant.
RESULTS
Enhanced Leukotriene Production by Diabetic Mouse Bone Marrow Cells
Bone marrow cells are known to produce leukotrienes on stimulation with agonists such as the calcium ionophore A23187. 30, 35, 36 Indeed, unstimulated mouse bone marrow cells from diabetic or nondiabetic mouse did not produce leukotrienes, whereas mouse bone marrow cells stimulated with 0.5 M A23187 produced 5-HETE and LTB 4 (Fig. 2) . As previously described, mouse bone marrow cells did not produce detectable amounts of cysteinyl leukotrienes. 30 Small A.
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ng/sample -trans-LTB 4 was also detected. (C) Increasing the dose of exogenous LTA 4 (0 -300 nM) resulted in an increase in endogenous LTB 4 production. The dose-response curve was generated using six retinas, with each retina receiving a different dose of LTA 4 . (C, inset) After the addition of 100 nM LTA 4 , LTB 4 synthesis was increased in retinas from diabetic mice (D, black bar) compared with retinas from nondiabetic mice (N, white bar; n ϭ 3 retinas per group; *P Ͻ 0.02). (D) By Western blot analysis, the expression of LTA 4 hydrolase in retinas of diabetic mice (D, n ϭ 6) was increased compared with that of nondiabetic mice (N, n ϭ 6; *P Ͻ 0.001). The level of protein expression is depicted relative to the reference protein ␤-tubulin. nondiabetic mice vs. 24.3 Ϯ 6.2 ng/sample from diabetic mice; LTB 4 , 7.6 Ϯ 1.0 ng/sample from nondiabetic mice vs. 29.3 Ϯ 15.8 ng/sample from diabetic mice; both with P Ͻ 0.03).To determine whether the diabetes-induced increase in leukotriene production persisted after release from the bone marrow, circulating leukocytes were isolated and stimulated with calcium ionophore. Similarly, peripheral leukocytes from diabetic mice generated up to a sevenfold increase in 5-HETE production (e.g., 0.46 ng/sample from circulating leukocytes of a diabetic mouse vs. 0.06 ng/sample from circulating leukocytes of a nondiabetic mice) and up to a tenfold increase in LTB 4 production (e.g., 0.6 ng/sample from circulating leukocytes of a diabetic mouse vs. 0.06 ng/sample from circulating leukocytes of a nondiabetic mouse).
Metabolism of Exogenous LTA 4 to LTB 4 by the Mouse Retina
In contrast to observations in bone marrow cells, we did not detect 5-lipoxygenase by mRNA analysis of retinas (Fig. 3A) . Accordingly, even when they were stimulated with calcium ionophore, methanol extracts from freshly isolated whole mouse retinas did not demonstrate the production of metabolites of 5-lipoxygenase after mass spectrometric analysis (Fig.  3B) . To determine the ability to participate in leukotriene transcellular metabolism, we added LTA 4 to freshly extracted retinas in bath culture. Providing LTA 4 to mouse retinas, in the absence or presence of calcium ionophore, resulted in the production of LTB 4 (Fig. 3B ). This generation of leukotrienes was prevented by boiling the retina before adding LTA 4 , supporting the enzymatic production of leukotrienes. In addition, the generation of LTB 4 proceeded in a dose-dependent fashion after the addition of LTA 4 at various concentrations, including 0, 0.1, 1, 10, 50, 100, and 300 nM (Fig. 3C) . Retinas from diabetic mice generated significantly more LTB 4 after the addition of LTA4 than did those of nondiabetic mice (Fig. 3C, inset ; P Ͻ 0.02). Metabolism of LTA 4 to LTB 4 requires the enzyme LTA 4 hydrolase. Western blot analysis of whole retinal lysates of diabetic mice expressed significantly more LTA 4 hydrolase than did those of nondiabetic mice ( Fig. 3D ; P Ͻ 0.001).
LTB 4 Production by Mouse Retinal Glial Cells
Because glial cells in the brain are known sources of eicosanoid generation, retinal glial cells (10 6 cells) were stimulated with calcium ionophore for 10 minutes at 37°C, followed by solidphase extraction of lipids and RP-LC/MS/MS analysis. We did not detect LTB 4 in retinal glial cell supernatants. When we provided exogenous LTA 4 at various concentrations, including 0, 1, 10, 50, and 100 nM, retinal glial cells were able to convert LTA 4 to LTB 4 in a dose-dependent manner (Fig. 4A) . Culturing retinal glial cells in high-glucose concentrations resulted in a 30% increase in the enzymatic conversion of LTA 4 to LTB 4 compared with glial cells cultured in physiologic glucose ( 
LTB 4 Production by Mouse Retinal Microvascular Endothelial Cells
mRECs were also able to produce leukotrienes, but only when LTA 4 was provided. In addition to synthesizing LTB 4 , mRECs synthesized cysteinyl leukotrienes (Fig. 5A) . Adding 100 nM LTA 4 to mREC under high-glucose concentrations resulted in the accelerated conversion of LTA 4 to LTC 4 ( Fig. 5B ; P Ͻ 0.03).
High-Glucose Regulation of BLT1 Receptor Expression
Previously, we reported a twofold increase in protein expression of BLT1 in diabetic mouse retinas compared with nondiabetic mouse retinas ( Fig. 6A ; P Ͻ 0.01). In contrast, BLT2 was expressed in the retina but was not enhanced by hyperglycemia. In retinal glial cells, high glucose levels significantly ele- vated the BLT1 receptor protein 33%, compared with glial cells grown in physiologic glucose ( Fig. 6B ; P Ͻ 0.005). BLT1 expression was unchanged in the presence of mannitol (ratio of BLT1 expression by retinal glial cells cultured in the presence of mannitol to BLT1 expression by retinal glial cells cultured in the presence of physiologic glucose ϭ 1.0). mRECs also expressed BLT1 and BLT2 with a similar selective increase in BLT1 expression levels under high-glucose conditions ( Fig.  6C ; P Ͻ 0.005). To evaluate whether the BLT1 receptors expressed on retinal glial cells were functional LTB 4 receptors, we investigated the effect of the ligand LTB 4 (100 nM) on BLT1 expression. LTB 4 addition resulted in an increase in the expression of BLT1 receptor protein in retinal glial cells (Fig. 6D) . The peak expression of BLT1 stimulated by the addition of LTB 4 was identical with that seen when cultured under high glucose conditions (Fig. 6D) . As suggested by these in vitro experiments, BLT1 and the glial cell marker GFAP colocalized in cultured retinal glial cells and in retinal sections with the use of immunofluorescence (Fig. 7) .
BLT1-Mediated Endothelial Cell Death
Our previous in vivo studies in mice suggested that metabolites of 5-lipoxygenase might mediate the diabetes-induced degeneration of retinal capillaries. The loss of capillaries may result from endothelial cell death. To investigate whether LTB 4 and BLT1 mediate retinal microvascular endothelial cell death, mRECs were cultured for 5 days in media containing 100 nM LTB 4 . Under physiologic glucose conditions, LTB 4 induced a twofold increase in mREC cell death ( Fig. 8 ; P Ͻ 0.005). Treatment of mRECs with U75302, a BLT1 antagonist, inhibited LTB 4 -induced cell death ( Fig. 8 ; P Ͻ 0.005). Although culturing in high glucose alone increased mREC cell death, LTB 4 significantly augmented high glucose-induced cell death (HG vs. NG, P Ͻ 0.005; HG vs. HG ϩ LTB 4 , P Ͻ 0.03), U75302 inhibited LTB 4 and high glucose-induced cell death ( Fig. 8 ; P Ͻ 0.005).
DISCUSSION
Leukotrienes are well-recognized mediators of inflammation. 16, 20, 22, 23 Using diabetic mice and cultured retinal cells, we demonstrated that marrow-derived cells from diabetic animals synthesize more LTB 4 than do those from nondiabetic animals; the mouse retina, retinal glial cells, and mRECs require donor LTA 4 for the synthesis of leukotrienes by transcellular metabolism; high-glucose conditions enhance leukotriene production by retinal glial cells; and high-glucose conditions in-A. Intensity, cps * eloid cells make these cells a likely source. The generation of leukotrienes could proceed via two scenarios and contribute to retinal abnormalities. First, myeloid-derived cells alone could produce the leukotrienes. Circulating leukocytes could generate the leukotrienes, which then have paracrine effects on the cells of the retinal vasculature. Additionally, we cannot exclude that some low-level generation of LTA 4 may occur within the retina from a small number of adherent leukocytes that have migrated out of the microvasculature or other cells of the myeloid lineage (e.g., microglia) that are residents of the retina. Yet, in a second scenario, both leukocytes and retinal cells participate in transcellular metabolism of leukotrienes. Earlier observations that leukocytes adhere to the retinal microvasculature support the suggestion of cell-to-cell passage of leukocyte-derived LTA 4 to the retinal cells, and our current results demonstrate the ability of the retina and retinal cells to synthesize leukotrienes after the delivery of LTA 4 . There are several mechanisms by which elevated glucose may lead to increased leukotriene production. Our current findings of enhanced ionophore-stimulated production of LTB 4 by mouse bone marrow cells under diabetic conditions suggests that elevated glucose levels may prime marrow-derived cells to generate LTA 4 and LTB 4 . Furthermore, leukocytes have been shown to adhere more readily to the diabetic retinal microvasculature in mice, as described by our laboratory as well as by others. 5, 10, 37 This suggests that diabetic conditions may facilitate the transfer of precursor LTA 4 for transcellular biosynthesis of leukotrienes. Finally, we detected the increased expression of LTA 4 hydrolase in the retina and retinal glial cells under elevated glucose conditions, suggesting enhanced ability to further metabolize leukotrienes.
B.
The immunolocalization of BLT1 to glial cells in retinal slices is consistent with the Western blot detection of BLT1 in the whole retinal lysates and retinal glial cell cultures. Interestingly, BLT1 was also detected in other cells in the retinal ganglion cell layer. Rat neurons have been shown to participate in transcellular metabolism of leukotrienes. 29 A similar pattern of expression of another inflammatory mediator, NF-B, has been detected previously in the retinal ganglion cell layer, and NF-B is thought to play an important role in the inflammatory response in the diabetic retina. 10, 38 In mice deficient in 5-lipoxygenase, cells in the retinal ganglion cell layer did not express a diabetes-induced increase in NF-B expression as seen in diabetic wild-type mice. 10 This suggests that leukotrienes may play a role in NF-B regulation in the diabetic retina.
Previously, it has been reported that cysteinyl leukotrienes are produced by retinal pericytes cocultured with leukocytes by transcellular metabolism. 39 We now demonstrate the transcellular production of cysteinyl leukotrienes by mRECs. Based on these findings, we hypothesize that production of cysteinyl leukotrienes by microvascular endothelial cells, pericytes, and perhaps other cells alters microvascular permeability leading to the delivery of LTA 4 to the surrounding glial cells, where the inflammatory signal is amplified. The increased retinal microvascular endothelial cell death observed after the addition of LTB 4 suggests that the LTB 4 produced may activate the BLT1 receptor on mRECs and trigger pathways that lead to capillary degeneration. Thus, the increased transcellular generation of leukotrienes under diabetic conditions may contribute to pathologic capillary degeneration in diabetic retinopathy. Further study of the intracellular cascades that participate in BLT1-mediated retinal microvascular endothelial cell death may reveal new therapeutic approaches to this sight-threatening disease. When cultured under physiologic glucose conditions, the addition of 100 nM LTB 4 to mRECs increased mREC death, as determined by trypan blue exclusion assay (*P Ͻ 0.005). Inclusion of the BLT1 antagonist U75302 completely inhibited the effect of LTB 4 on cell death (*P Ͻ 0.005). When mRECs were cultured under high-glucose conditions, an increase in cell death was noted, and the addition of LTB 4 further increased the observed cell death (HG vs. NG, *P Ͻ 0.005; HG vs. HG ϩ LTB 4 , **P Ͻ 0.03). U75302 treatment significantly reduced mREC cell death in the presence of high glucose and LTB 4 (*P Ͻ 0.005). Data are the summary of six independent experiments.
